abstract. Contemporary trends in healthcare services provision tend toward the increased use of community based healthcare centers. This study on the concepts of healthcare provision hypothesizes that in the future, the main source of healthcare services will be a network of community based clinics which will be responsible for the majority of primary and ambulatory care. This concept implies that a network of community clinics equipped with state of the art telemedicine will be established with a wide geographical dispersion. The implications for healthcare facilities in terms of the resources and performance of the built environment are investigated by reference to the Israeli healthcare system. This paper reflects the results of research on healthcare facility management over the past 10 years.
intrOductiOn
Countries all over the world are witnessing similar trends in the provision of healthcare services with an increase in the demand for healthcare in public hospitals triggered by natural population growth, the ageing of the population, and the consumer revolution (Hosking, Jarvis 2003) . Consequently, the total number of in-and out-patient admissions per 1,000 inhabitants has also increased (American Hospital Association 2010), and hospitals have responded by a tendency to reduce patients' average length of stay in order to husband their limited resources. Evidence for this trend has been reported independently in Germany (Federal Statistical Office Germany 2003) and the U.K. (Hensher, Edwards 1999) . In the U.S., a 14.2% increase in the number of in-patient admissions in community hospitals was recorded between 1994 and 2004, together with a decrease of 16.4% in the average length of stay. Concomitantly, an increase of almost 50% in the number of out-patient admissions was observed in the exact same hospitals, with a significant increase of about 170% in the number of out-patient admissions over a period of 20 years (American Hospital Association 2010) . These changes have resulted in a demand for an investigation of the structure of healthcare systems and Facility Management (FM) decisionmaking processes in the industry. As an example, Melin and Granath (2004) , conducted a study in Sweden on the effect of "Horizontal Integrated Care" (HIC), which deals with ways in which care is delivered to patients. This study investigated the management of healthcare facilities and the implications of HIC, "local hospitals", and "close care" on the built environment. Rees (1997 Rees ( , 1998 examined the development of the FM profession within the National Health Services (NHS) in the U.K., and discovered that NHS Trusts tend to integrate non-core services (e.g. risk management, energy efficiency, cleaning, security, etc.) under the umbrella of the FM department. It was also observed that in only 24% of the Trusts, was the senior FM director a board level executive member.
A scarcity of resources is immediately apparent when facility management in the healthcare sector is examined (American Hospital Association 2004; Federal Statistical Office Germany 2003) . This might adversely affect the non-core activities of healthcare providers, and particularly aspects of the facility management, such as maintenance activities and operations. The American Hospital Association stated in the 2003 Annual Report that "Hospitals have been under financial pressure in the last five years, both from public and private payers. Since 1999, up to one third of hospitals have had negative total margins" (American Hospital Association 2006). A similar state of affairs is presented in the 2003 Annual Report of the British Ministry of Finance, which stated that: "Over the past 30 years the U.K. has consistently invested a smaller share of its national income in healthcare than comparator countries. Historical underinvestment has resulted in poorer health outcomes than the EU average" (British Ministry of Finance 2003) .
Resource allocation in the healthcare sector is reflected in several health indicators published by the World Bank. These classify each country in the world according to average income level and regional categories (World Bank 2012) . Two of the most interesting indicators are health expenditure per capita (in $U.S.) and total health expenditure as a percentage of Gross Domestic Product (GDP). The level of these two indicators in Israel where the 2009 health expenditure per capita was $1,966, and the total health expenditure as a percentage of the GDP was 7.6%, is comparable to many EU members, and higher than in most Asian, African, and South American countries. For comparison, the average health expenditures of the European Monetary Union countries and of the United States were 10.3% and 15.3% of the GDP respectively (World Bank 2012) . This indicates a commitment on the part of Israeli policy-makers to provide quality healthcare to their people, which has been realized by a steady and continuous rise in life expectancy over the past 30 years (Brodsky 2003; World Bank 2012) . The life expectancy of the Israeli population is consistently placed among the top 10 countries in the world, indicating the success of assuring a solid improvement of healthcare for Israeli citizens (World Health Organization 2012 ). An examination of the efficiency of this system may offer useful insights into which facility management practices, have contributed to the success of the health outcome.
In response to a steady demand to provide healthcare in distant peripheral regions, the Israeli healthcare system has developed a network of clinics organized in a hierarchical scheme. This network is composed of three levels of clinics ( Fig. 1) : community, regional and hospital-based. Community clinics are located in any city, town or village, and are approximately 500-2,500 m 2 in size (mean size of 1,200 m 2 ). In the entire country, there exist 1,000 community clinics that provide close ambulatory and primary care to an average of 8,000 insurance subscribers per clinic. Forty regional clinics support the community clinics, providing secondary care such as MRI, X-Ray, medical consultancy and regional laboratories that supply diagnostic services to both community and regional clinics. This network acts as a screening net that provides primary care to all patients insured in the Israeli system, prior to admission into a peripheral or regional hospital. Hospitals are classified into three categories of infrastructure and medical care: peripheral hospitals (less than 400 patient beds), regional hospitals (401-800 patient beds) and strategic hospitals that provide unique specified care and are equipped with built and human medical infrastructure (801-1,500 patient beds).
As discussed for other countries, the demands on the Israeli healthcare services have risen in recent years, with acute-care hospitals experiencing an increased number of in-patient admissions. One of the possibilities for dealing with this increased demand on resources is to develop a network of community clinics with the aim of providing close ambulatory and primary care, as well as diagnostic and specialty services. Although the use of com- munity clinics is increasingly common worldwide, the quality of care they provide is a subject of continuing debate (Fox et al. 2007; Scott et al. 2004) . The past decade has seen much investigation and discussion of the quality and effectiveness of medical services in the medical research arena. Hutchison et al. (2003) compared the delivery of care to patients in walk in clinics with the more usual care given in emergency department and family practices. The overall quality of care in clinics was found to be equal to that received in emergency departments and higher than in family practices. Fox et al. (2007) examined the implementation of asthma-related community care of patients in an ethnically and geographically disparate population of economically disadvantaged school-aged children, and found that the clinic strategy provided a cross sectional improvement in medical care as well as in patient satisfaction. Community clinics were also shown to be effective for the delivery of primary care, and acute condition appointments (Coelho 2011; Qu, Shi 2009 ). The core business for the healthcare sector can be defined as patient care, the primary objectives of FM departments in healthcare facilities should be to support the core business and not only to reduce costs. Ciarapica et al. (2008) defined the objectives of the maintenance of health facilities as high continuity (availability) and high functional safety levels, mainly related to the possible risks of failure.
In the literature only a few research studies have investigated the performance of FM in the healthcare sector, and then generally not from a quantitative aspect. Talib et al. (2013) assessed the performance of healthcare buildings through three criteria: (1) functionality, covering the design, utility and access of the facilities, (2) impact, covering the outlook, core activities, facilities, and future design assessment, and (3) quality related to the building, engineering activities, performance, and energy. They concluded that design of the building (for functionality), outlook of the facilities (for impact), and quality of the buildings (for quality) are the most important factors for the performance assessment of healthcare facilities. lega et al. (2013) analyzed the performance of a network supply chain strategy for the healthcare sector and discovered: (1) a significant reduction in operational costs, (2) financial benefits in terms of price reduction and supply management and (3) a significant improvement in the supply chain itself (high level of standardization and reliability). The research study reported by Cingolini et al. (2008) described the FM in small and medium enterprises in Italy, and analyzed two medium hospitals located in the north of the country. However also in this case, the research focused on the definition of the gap between the actual and desired performance from a qualitative point of view.
According to lavy et al. (2014a, 2014b) an effective measure of the performance of a building necessitates the identification of a set of key performance indicators (KPIs) specific for the facility under consideration. These KPIs should: (1) be quantifiable, (2) be easily measurable, and (3) demonstrate wide applicability.
The present study investigates the FM characteristics of built healthcare facilities through a comparative investigation of the FM KPIs defined for a sample of 20 acute-care hospitals, and 42 community clinics. The paper discusses the implications of the performance, maintenance and benefit-to-cost ratio for any discrepancy between the allocation of resources in the development of built facilities for healthcare and the actual performance delivered.
alternatiVe HealtHcare serVice PrOVisiOn
The Israeli health sector encompasses a total number of 42,119 patient beds (Central Bureau of Statistics in Israel 2009), of which 50% are designated for long-term care, and 35% for acute-care. Furthermore, 70% of the total patient beds in Israel are publicly owned, whereas only 30% are private. In the acute-care sector, the share of the publiclyowned beds is even higher and accounts for more than 96% of the total patient beds. Previous research ) studied the profile of hospital facilities in Israel based on a survey of 20 large acute-care facilities, with a total floor area of more than 1,000,000 m 2 , and established the average size of a hospital campus to be 76,410 m 2 , distributed among almost 50 buildings. The reinstatement (replacement) value of a hospital facility is 1,670 $/m 2 .
Provision of healthcare services traditionally occurs through a network of both regional and principal hospital facilities. The capital reinstatement (replacement) value of a hospital is $1,800-3,300 per m 2 and the annual maintenance expenditure required to maintain these facilities is $35-54 per m 2 depending on the level of performance provided . Sixty percent of the resources for maintenance are devoted to labor, and therefore the maintenance departments in hospitals are intensively driven by labor. Furthermore, these facilities are highly sensitive to failures in critical systems such as medical gas, and power supply.
Technology can now export sophisticated diagnostic and treatment services from the hospital setting to off-site facilities by exploiting internet connections such as PACS (Picture Archiving Computer Systems) and EMR (Electronic Medical Record) for the transfer of test results and video links (Coker et al. 2010; Fraser et al. 2005; Speedie et al. 2008) . This migration of services reduces the inhouse requirements for hospital facilities and could reduce the costs of facilities that still provide a full spectrum of in and outpatient services. For example a system of care sites (or outpatient centers) separate from hospitals and close to the community could be established as a means of maintaining patient convenience, particularly in urban settings. Eight selected KPIs were evaluated in a clinic vs. hospital setting in the Israeli healthcare system and this paper discusses the implications on the economics and performance of healthcare built facilities arising from the results of the analysis.
Key PerFOrMance indicatOrs in HOsPital and clinic Facilities
Several key performance indicators described in the literature have been developed for hospital buildings. Pullen et al. (2000) discussed seven KPIs appropriate for hospital facilities, where most dealt with business and financial performance, and thus are mainly applicable to privatesector hospitals. The eight KPIs employed in this study are based on Shohet et al. (2003) and lavy and , as developed for hospital facilities in Israel. The KPIs used were selected from three categories, to enable an integrated analysis of the maintenance of the facilities from a life-cycle design perspective (Asset Development), effective management (Maintenance Management), and performance control (Performance Management). This allows a snap-shot cross-sectional evaluation of healthcare facilities by simultaneous analysis of the performance, the management effectiveness, and the maintenance cost-effectiveness. Each KPI described below is followed by a description of the results found in the clinics as well as in the hospital facilities evaluated in Israel. Table 1 describes the sample population of clinics and hospital facilities analyzed in this research. The 42 clinics offer various services and are a representative sample of the 1,000 clinics across the country with respect to geographical and regional location and size, ranging from small clinics (floor area <500 m 2 ), medium size clinics (floor area between 500 and 1,500 m 2 ), to large clinics (floor area greater than 1,500 m 2 ). The mean floor area of the clinics is 1,154 m 2 , representing an average floor area of 0.15 per insured subscriber, while the average floor area of a hospital is 76,410 m 2 representing an average of 0.30 m 2 per insured subscriber.
asset development
This category includes a set of KPIs that quantify the effects of the service conditions on the facility and predict the resources required to maintain the facility at its designated level of performance.
Age coefficient
The Age Coefficient (AC y ) is defined as a coefficient for the adjustment of maintenance needs for each particular year with respect to the mean annual expenditure along the designed life cycle (DLC) of the facility. A DLC of 50 years was assumed for 
where: AC y -Age Coefficient for year y; AME yAnnual Maintenance Expenditure for year y; yCounter of year during the life of the building service; AME ave. -Average Annual Maintenance Expenditure during the DLC of the facility in $ per m 2 ; Assessment of the above coefficient for a clinic facility with DLC of 50 years produced the following results (Fig. 2) : AME y = 1 represents the average maintenance expenditure (2.5% of reinstatement (replacement) value) during the DLC of the clinic. The total area below the graph equals 50. The graph has a maximum in the middle of the facility's DLC, indicating replacements of major components of electro-mechanical systems (e.g. electric boards, switch gears, HVAC units), and multiple local maxima indicating renovation of the clinic's interior finishing. The age coefficient for a typical hospital facility with a DLC of 75 years was calculated in a similar manner. The average annual maintenance expenditure (AME ave ) during the DLC was found to be 3.23% of the reinstatement (replacement) value. Figure 3 shows the age coefficient for the hospital buildings. The longer DLC resulted in a life cycle pattern with three maxima, indicating periods that represent major renovations of the electro-mechanical infrastructures of the hospital. The average age of the hospital facilities in this sample is 27 years and the mean age coefficient is 1.27, while the average age of the buildings of the clinics in the sample is 7.9 years with an average age coefficient of 0.75. These results mean that the clinic facilities required 25% less resources than the (AME ave ) during the service life whereas the hospital facilities in the sample required a surplus of 27% compared to the hospital AME ave .
Occupancy/density coefficients
The research hypothesis is that density (in clinics) and occupancy (in hospitals) conditions affect the deterioration pattern of the building components and systems. The occupancy/density coefficients were developed through analysis of the life cycle of building components under intensive or moderate service conditions. The results indicated the following:
These coefficients quantify the effects on the deterioration of building components of the density of patients in the clinic and the occupancy of patient beds in hospitals. The standard density in clinics is defined as 175 patients per m 2 per annum and is referenced as 100% density of patients. The equivalent parameter in hospital facilities is defined as occupancy; and is represented by the number of 10 patient-beds per 1,000 m 2 built. These ranges are derived from the average of the populations of clinics and hospital facilities respectively.
In clinic facilities, the density coefficient was based on an analysis of the life cycle of building components under intensive vs. normal service conditions.
-In moderate density conditions (less than or equal to 80% of standard density) the density coefficient equals 0.97, representing only minor savings in the maintenance activities, due to compulsory preventive policy. -Between 80% and 100% relative density, the increase in maintenance activities is moderately linear with a slope of 0.001625; -Between 100% and 154% relative density, there is a greater impact of patient density on maintenance expenditure as the slope of the graph increases to 0.00578, and the density coefficient in high density conditions remains constant at a level of 1.31. In hospital facilities the occupancy coefficient is defined between the range of 80% and 133% of the standard occupancy (10 patient beds per 1,000 m 2 ); at low occupancy the resources required are 0.95, while at the high levels of occupancy the coefficient is 1.22. These ranges were found by empirical study of hospital wards under standard and intensive service conditions .
The annual number of visitors per m 2 , representing the density in the sample of clinics is 258.0. In light of the latter finding, we deduce that the sample facilities represent intensive service conditions.
The average occupancy coefficient in the hospital facilities sample was found to be 0.97 indicating a standard occupancy of the hospital facilities with reference to the norm (100 m 2 per patient bed).
Facility coefficient FAC y
The age and occupancy/density coefficients are integrated into a third KPI, the facility coefficient that expresses the maintenance resources required for implementing preventive and breakdown maintenance based on the facility's level of occupancy, age, type of environment, and the complexity of the buildings in terms of their components. The facility coefficient is computed through an assessment of four variables: age of the building, service conditions (occupancy/density), category of environment (marine or inland), and type of building. Typical deterioration patterns obtained from empirical research are translated into maintenance activities that are expressed in this financial coefficient as a means to adjust the maintenance resources to prevailing conditions (lavy, Shohet 2007) .
The average facility coefficient in the sample of clinics is 0.97, indicating a standard effect of the service conditions in the clinics. Typically, a hospital campus consists of multiple buildings (unlike clinics, which is a single, in most cases standalone, building), and so the facility coefficient for hospital facilities is not available at this time.
Maintenance management
This category of KPIs provides insight into the organizational procurement and costs of maintenance services; three KPIs described below were developed under this category: annual maintenance expenditure (AME), maintenance sources ratio (MSR), and managerial span of control (MSC).
Annual maintenance expenditure (AME)
This KPI reflects the scope of expenditure per m 2 built (excluding cleaning, energy, and security expenditures). From an organizational viewpoint, this parameter determines the annual expenditure on maintenance of a clinic/hospital; and provides a means to assess the overall expenditure on built assets with reference to the organization's turnover. From a managerial-professional viewpoint, however, the expenses must be analyzed in relation to the facility's characteristics and with respect to the output (the physical performance). This examination is achieved in the framework of the maintenance efficiency indicator (MEI), as described below. The desirable range of AME for hospital and clinic facilities was determined by analysis of the different maintenance activities, both preventive, and breakdown required to maintain the facilities at an acceptable performance level (Shohet 2003; Shohet et al. 2008; Shohet, Nobili 2017) .
The mean AME for the maintenance of the clinics in the sample population is $24.2 per m 2 , constituting an annual expenditure of 2.05% of the re-instatement value of the clinics ($1,180 per m 2 ). This is lower than the analytical expectancy of 2.5% of the reinstatement (replacement) value. In light of the low age of the clinic sample (7.9 years), this level of expenditure is high and may be explained by the intensive service conditions of the clinic facilities as discussed above.
The average AME for the hospital buildings was $37.2 per m 2 (in 1999 values), with a standard deviation of $5.3 per m 2 constituting 2.22% of the re-instatement value of a hospital facility. This finding represents scarcity of resources since the desired level for a typical hospital is 3.23% as described above.
Maintenance sources ratio (MSR)
Outsourcing constitutes an alternative strategy to procuring maintenance activities by in-house employees, who require ongoing management. Outsourcing can be useful for the execution of seasonal preventive maintenance work, as well as for rehabilitation, renovation, and replacement works. This parameter reflects the ratio of external maintenance resources to the total sum of resources, and expresses the extent of outsourcing (in %) out of the total resources allocated for maintenance of the facility. Previous studies found that outsourcing may contribute to savings of approximately 10% compared to in-house provision (Domberger, Jensen 1997) . A combination of 60% outsourcing with 40% internal labor may represent a solid balance in healthcare facilities located in a large urban area under standard service conditions.
The MSR in the sampled clinics shows that 60% of the services are contracted out.
The MSR in the hospitals shows that 36.7% of the resources are contracted out. This distribution emphasizes the dependence of hospital facilities on in-house labor, with the accompanying advantages of familiarity with the local conditions, availability at the job site and accountability.
Managerial span of control (Msc)
Managerial Span of Control (MSC) is one of the managerial key parameters that indicate how effectively an organization achieves coherence among its units (Mintzberg 1989 ). This indicator is defined as the ratio between the number of managers and the number of personnel directly subordinated to them. While a wide span of control may save overhead expenses, it sometimes creates managerial difficulties. In contrast, while a narrow span of control may minimize the amount of routine coordination required and leave time for the manager to deal with planning, overhead expenses are usually high. In hospitals the definition of this indicator is straightforwardly, but for clinics, the geographical dispersion and the size may result in a hierarchical management where several facilities located in a close regional area come under the direction of a regional facility manager. The MSC is then defined as the number of clinic facilities subordinated to the supervision of a regional FM. At small spans of MSC (MSC < 6), the managerial overhead costs per clinic rise as some of the managerial resources may be redundant, while larger values of MSC (i.e. MSC > 8) reduce the costs of managerial overhead, although the effectiveness of supervision may be diminished (laufer, Shohet 1991) .
The average MSC for the regional FM in the sampled clinics is 7.2 compared with a normative span of 6. This difference is explained by the relatively small sizes of the sampled facilities.
In the hospital sample, it was observed that the principal engineer managed 3.5 direct subordinates on average. Second level managers, mainly engineers or experts in the different maintenance disciplines (e.g., electrical, mechanical, water supply and waste water), supervised 7.1 subordinates on average. These numbers are in accordance with the literature, allowing the principal engineer to dedicate an appropriate amount of time to planning issues, while the second level managers are usually kept busy with the operation of the facility.
Performance management
The performance section of KPIs covers the physical performance of built facilities as well as the efficiency with which the allocated resources for maintenance are utilized, as follows.
Building performance indicator (BPI)
This KPI enables the evaluation of the overall state of a clinic or of a hospital building, according to the physical performance of its components and systems. The indicator is expressed as a value between 0 and 100 that reflects the state of the building, including the performance of its various systems (P n ). P n is graded between 0 and 100 according to performance scales, where P n < 60 indicates a poor/dangerous performance, 60 < P n ≤ 70 indicates a deteriorating performance, 70 < P n ≤ 80 indicates a marginal (71) or satisfactory (80) condition, and P n > 80 indicates a good condition. The performance scores for each system were assessed by the data gathered using Supplementary Appendix 1 and the performance ratings by using the scales in Supplementary Appendix 2. The actual score for each system (P n ) is expressed by Equation (2) and includes three composites of facility maintenance: (1) the actual condition of the system (C n ); (2) failures affecting the service provided by the components of the system (F n ); and (3) actual preventive activities carried out on the system to maintain an acceptable service level (PM n ) (Israel Standards Institution 2011).
where: W(C) n -weight of component condition of system n; W(F) n -weight of failures in system n; W(PM) n -weight of preventive maintenance for system n. For every system n, the sum W(C) n + W(F) n + W(PM) n totals 1. The score C n is evaluated according to the grading scale as demonstrated in Supplementary Appendix 2. Frequency of failures (F n ) is evaluated on a scale between 100 = no failure (incidents of breakdown maintenance) in 12 months, and 20 = frequent occurrence (e.g. 12 times in the last 12 months in a roofing system). Preventive Maintenance (PM n ) is evaluated on the basis of maintenance policy governing the component, and the frequency of pro-active inspections and periodical maintenance carried out with respect to standards. The combination of these three elements produces the performance score for the entire system (P n ). Weighting of each building system (W n ) in the BPI is accomplished by a consideration of the contributions of the system's components to the life cycle costs.
Once the systems' performance states have been diagnosed, the BPI is calculated for each system by multiplying the weight by its score (Eq. (3)):
The desired BPI range is above 80, and any system or component with a score below 70 requires corrective maintenance measures. The desirable range was deduced from the definitions of the scales, and from analysis of samples of hospitals, clinics, and office buildings (Shohet 2006) .
This parameter enables us (1) to evaluate the overall state of a facility; (2) to evaluate the state of the facility's systems; (3) to benchmark the asset's performance in relation to other facilities (inter-organizational benchmarking); and (4) to benchmark the systems of the clinic or hospital in order to compare the efficiency of the various maintenance crews (intra-organizational benchmarking). Table 2 shows the mean performance scores and their standard deviations for each of ten systems in acute-care hospital buildings and for nine building systems in clinic buildings. The mean value of BPI in the clinics was found to be 95.5, which indicates a high performance of the facilities in the sample. The relatively small variance of this parameter indicates its high significance.
The average BPI in the sampled hospital facilities was 76.6 with a standard deviation of 5.9. This indicates that the level of performance of the facilities was only satisfactory. Notably, only four facilities were found to be performing at a "good" level of performance (BPI of 80 or more). On average, the system with the highest performance was identified as medical gases (87.5 points out of 100), while the system with the lowest performance score was found to be the sanitary system (69.9 points).
Maintenance efficiency indicator (MEI)
This indicator examines the allocation of resource for maintenance in relation to the facility's performance. The MEI is calculated by Equation (4):
where: AME y -actual Annual Maintenance Expenditure; FAC y -Facility Coefficient for year y; BPI -monitored Building Performance Indicator; i c -construction prices index. This indicator expresses the expenditure on maintenance per hospital/clinic performance unit, adjusted to prevailing conditions using the FAC y . MEI may be analyzed in the two dimensional system of BPI (dependent variable) and the Normalized Annual Maintenance Expenditure (NAME y ) (independent variable) as expressed in Equation (5):
NAME y expresses the Annual Maintenance Expenditure neutralized from the effects of age (AC y ), the facility's occupancy/density (OC or DC), and environmental conditions through the Facility coefficient. The NAME forms a clear and transparent perspective to the AME y , from which the MEI can be easily interpreted.
For a clinic facility maintained at the desired performance level, we assume a BPI of 100. The average AME y per m 2 was calculated to be 2.50% of the reinstatement (replacement) value of a clinic facility which was calculated to be $1,180 per m 2 built. A clinic facility with an Age Coefficient of 1.00 (the standard), a Density Coefficient of 1.00 and a consequent facility coefficient of 1.00 would yield an MEI value of 0.30. The MEI values are thus interpreted according to the following categories:
-MEI < 0.24 indicates that the resources are utilized at high efficiency, or scarcity of resources for maintenance, or both; -0.36 ≤ MEI ≥ 0.24 reflects a normative range of maintenance efficiency, in which the lower limit indicates good efficiency while the upper limit indicates low efficiency and/or surplus of resources; and -MEI > 0.36 indicates a high level of resources relative to the actual performance. Such a high value may reflect high maintenance expenditures, low physical performance, or a combination of these two extreme situations.
Ranges for the MEI in hospital facilities were deduced in a similar manner. Three ranges for MEI were established for hospital facilities in Israel:
-MEI < 0.37 reflecting high maintenance resource utilization efficiency, and/or lack of resources; -0.52 ≤ MEI ≥ 0.37 indicating normative use of maintenance resources; and -MEI > 0.52 indicating high input in comparison with the actual performance, and/or surplus of resources. The upper and lower boundaries of the MEI for the clinic and hospital facilities were deduced from a coefficient of variance of 0.2 aimed at creating a homogeneity and low variance.
The mean MEI in the sample of clinics falls within the predicted analytical value (0.30), and the variance indicated significant variability in this parameter. This level of efficiency was established following a two year corrective and preventive maintenance policy that used the BPI as a key measure for establishing a maintenance policy. Figure 4 shows the distribution of the clinic facilities sample in a two dimensional setting where the independent variable is the NAME and the dependent variable is the BPI. The three lines represent equivalent levels of efficiency, defined for clinics, where MEI = 0.30 is the normative, MEI = 0.36 represents the highest margin of the normative efficiency range of maintenance, i.e. higher values represent high expenditure, indicating low efficiency and surplus of resources and MEI = 0.24 reflects efficient execution of maintenance. Facilities with an MEI lower than 0.24 lack resources. The distribution validates the predicted ranges deduced from the analytical development Fig. 4 . Building Performance Indicator (BPI) against Normalized Annual Maintenance Expenditure (NAME) for the sample of clinics of this parameter. Facilities that are found close to the left margin (MEI = 0.24) exemplify the high efficiency with which the maintenance resources are used, whereas facilities found close to or beyond the right margin (MEI = 0.36) require further analysis to uncover the sources of inefficiency and to establish outlines for an improvement program. A distribution of the observed MEI in the hospital sample is shown in Figure 5 , on a BPI vs. NAME graph. The average MEI in hospitals was found to be 0.43, which represents a fair use of maintenance resources since it is in the normative range (between 0.37 and 0.52). It is more than reasonable to assume that some of these expenses could have been saved if a larger share of the work had been given to external service providers.
number of employees
The total number of employees (physicians, nurses, administrative and technical staff) was evaluated vs. the clinic built floor area. There was a linear correlation between the number of employees (dependent variable) and the clinic's built floor area (independent variable), with a correlation coefficient of 0.76. Regression analysis expressed in Equation (6) and Figure 6 , shows a linear correlation between the number of employees and the built floor area:
where: W -Number of employees in a clinic; ZClinic built floor area (m 2 ). This regression is valid for clinics with a built floor area between 100 and 4,500 m 2 . The total number of employees (physicians, nurses, and staff) was also consistent to a certain extent, and there was a linear correlation between the number of employees (dependent variable) and the number of patient beds (independent variable), with a correlation coefficient of 0.86. Regression analysis shows a linear correlation expressed in Equation (7) and Figure 7 , between the number of employees and the number of patient beds:
where: y -Number of employees in the acute care hospital; X -Number of Patient Beds in the acute care hospital. The regression shows that 766 employees are required (2.55 employees per patient bed) for facilities with 300 patient beds. Each additional patient bed necessitates an average supplement of 3.25 jobs. It should be stressed that this regression is valid for the range between 300 and 1,300 patient beds in public acute-care hospitals. Moreover, it was found that these hospitals had, on average, 2.86 employees per patient bed, with a standard deviation of 0.74. Concerning maintenance staff, there were 47.6 maintenance employees, on average, per hospital. Furthermore, there were found to be on average 14.6 patient beds per internal maintenance employee, with a standard deviation of 3.3. Alternatively, this number can be expressed as an average of 0.63 employees per 1,000 m 2 of hospital floor area, with a standard deviation of 0.18 (which means one internal maintenance employee per 1,587 m 2 of floor area). It should be emphasized that the average number of maintenance employees per hospital facility is strongly affected by the policy regarding the employment of in-house manpower vs. outsourcing of maintenance services. The relatively high standard deviations reflect the diversity of the sample population with regard to this policy in almost all maintenance fields. On (NAME) for hospital buildings average, the largest in-house maintenance crews are in the fields of electricity, air-conditioning, and water and plumbing, which are considered to be the core areas of maintenance in hospital facilities. In contrast elevators, fire protection, and waterproofing were maintained exclusively contracted out due to the high availability of outsourced workers in these areas and their low cost.
cOnclusiOn
Global indicators may show that the Israeli healthcare system succeeds in providing solid healthcare services although the annual investment per capita on healthcare is in decline. A comparative review of the selected hospital and clinic facilities revealed considerable differences between the facilities in terms of FM parameters. While hospital facilities necessitate the allocation of double the amount of resources for maintenance and the computed annual expenditure for hospitals required to accomplish full performance is $54 per m 2 (3.23% of the reinstatement (replacement) value) compared with $29 per m 2 (2.5% of reinstatement (replacement) value) in clinics, accomplishing high performance for hospital built-facilities is complex. The BPI for clinics (95.5) indicates a high level of achievement of the performance goals of the maintenance policy in clinics, compared with marginal performance accomplished in hospitals (76.6). This includes the physical performance of the facility as well as the ability to address the needs of the users (medical staff and patients). Furthermore, the built-floor area per insured patient in clinic facilities in Israel (0.15 m 2 ) falls far below the equivalent parameter for acute-care hospitals (0.30 m 2 ); thus, the actual expenditure per insured patient in a hospital is nearly four times higher than in a clinic. A comparison of the total number of employees per insured patient in a typical clinic or hospital indicates that the total number of employees in clinics is 17% lower than in hospitals. Community clinics are much more accessible than peripheral or regional hospitals in terms of geographical dispersion. Accomplishment of available care is realized to a greater extent and the cost of facilities per insured subscriber is approximately 75% lower than in regional hospitals. From a life cycle perspective, the maintenance of hospital facilities involves two critical life-supporting systems (electricity and medical gas), and three additional electro-mechanical systems that support healthcare and hygiene (communication and low voltage, water supply and sanitary, and HVAC).
The above comparative view of KPIs reveals that delivery of part of the healthcare services through clinics has multiple advantages from the FM point of view:
-Clinic facilities provide a high potential for combining improved healthcare facility services with cost-effective facility management and maintenance; -The capital cost invested per patient is considerably less. Since hospitals are more expensive buildings to maintain than community clinics, a migration of services can be expected to make it possible to reduce the cost of facilities for a healthcare system that delivers a full range of in-and outpatient services. The utilization of clinic facilities for primary care, instead of peripheral and regional hospital facilities, has a potential for flexible infrastructure and for close healthcare. This leads to a prediction that a future hospital will be composed of the core of medical acute care connected to a network of community and regional clinics providing primary care and serving both as close care providers and as a screening net for patients requiring the services of the core hospital. This scenario would greatly increase the importance of future community clinics and the services provided in these clinics will be extended through the use of telemedicine, to include primary and emergency care, as well as diagnostic services and specialty care.
The findings indicate that the delivery of healthcare through community clinics may be a key means to address the need for improving healthcare facilities services both in low and in highincome countries (Stanowski et al. 2015; Kapongo et al. 2015) . Implications of the present study for the global healthcare system infer that the role of clinics facilities in healthcare delivery should be increased, as clinics facilities provide cost-effective robust performance to HMOs (Healthcare Maintenance Organizations).
Further research regarding the performance and cost-effectiveness of hospital vs. clinic facilities is recommended in Africa, Asia, Europe, North and South-America and in order to validate, elaborate, and implement the potential findings of this study in the global healthcare system. reFerences
